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INTRODUCTION 


The adaptation of a plant to its environment involves selective responses 
to many qualitatively and quantitatively different physical and chemical 
factors. For this reason the adaptive behaviour of the plant may take many 
forms ranging from timing devices in relation to seasonal Auctuations in 
climate, to morphological and physiological changes in the shoots and 
roots in relation to the prevailing above and below-ground conditions. 
The point which I wish to emphasize in the present paper is that the 
chemical environment in the soil may frequently be a dominant component 
in this selective complex acting ona plant. As examples of the pre-eminence 
of the chemical composition of the soil as a decistve selection factor in the 
distribution of the flora of the British Isles, one may cite the distinctive plant 
communities of podsols, brown earths, sand dunes, chalk and limestone 
soils and suggest that in these situations other factors such as temperature, 
water availability or grazing regime arc frequently of secondary importance. 

The unique significance of the chemical composition of the soil in the 
selective complex arises from the fact that there is at the root surface, or at 
the membrane surfaces bounding the apparent free spaces of the root, a 
direct confrontation of structural and catalytic proteins with the chemical 
constituents of the soil solution. Thus when a seedling germinates in a 
particular soil there will be an immediate contact between the surface pro- 
teins of its developing root system and the solutes in the soil solution. For 
this reason a direct and often severe selective ‘sieve’ is at once established and 
in consequence there will be a relatively rapid selection of closely adapted 
individuals. This situation is clearly demonstrated by the work of the 
Bangor school showing the rapid evolution of heavy metal-tolerant races 
of Agrostis tenuis and Festuca ovina (Bradshaw 1952, 1965). A further cause 
of the immediacy of the response of plant roots to contact with constituents 
of the soil solution is that the exposed proteins may have important enzymic 
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properties such as those of carriers in ion transport systems. If these com- 
ponents are adversely affected they will be much morc likely to evoke rapid 
responses in the overall metabolism of the plant than will a climatic effect 
on the shoot for example, since this will impinge on a large number of 
interlinked enzyme systems having built-in propensities for mutual com- 
pensation. 

There are numerous examples of genctically controlled intra-specific 
variations in the nutrient responses of both wild and cultivated plants 
(Epstein and Jefferies 1964). The present study deals with acid phosphatases 
and with findings concerning these surface proteins which may have 
physiological and ecological implications with respect to edaphic adapta- 
tion. A relatively small proportion of the total phosphorus content of 
most soils is in the form of inorganic phosphate readily available for uptake 
by the plant from the soil solution. Much of the phosphorus may be present 
in the soil as insoluble phosphates of calcium, iron and aluminium or as 
organo-phosphorus compounds particularly inositol hexaphosphates and 
related compounds (Pederson 1953; Cosgrove 1962, 1964). The hydrolysis 
of insoluble inorganic phosphates in soils probably results mainly from 
bacterial action (Sperber 1958; Swaby and Sperber 1958; Muromtsev 1959; 
Louw and Webley 1959). Organo phosphorus compounds may be hydro- 
lysed by both bacteria (Greaves, Andersonand Webley 1967) and fungi (Dox 
and Golden 1911; Jackman and Black 1951 and 1952; Casida 1959) many of 
which may be closely associated with the rhizosphere of higher plants 
(Katznelson, Peterson and Rouatt 1962; Das 1963; Subba-Rao and Bajpai 
1965; Chonkar and Subba-Rao 1967). Studies using higher plants in 
sterile culture have shown that even in the absence of micro-organisms 
they also are able to utilize phytates and other organo-phosphorus com- 
pounds as sources of phosphorus for growth, probably by virtue of 
phosphatase enzymes associated with the root surfaces (Weissflog and 
Mengdehl 1933; Rogers ct al. 1940; Saxena 1964; Wild and Oke 1966). 
The contribution of these root enzymes to the mobilization of insoluble 
phosphorus compounds in the soil under field conditions is not known and 
may indeed vary according to species and the prevailing soil conditions. As 
will be scen later however this hydrolytic activity may be only one aspect 
of the normal functions of these particular root enzymes. 

Agrostis tenuis isa polymorphic species which occurs widely on calcareous 
and acid soils and also, as noted carlicr, is capable of evolving races 
adapted to growth on soils containing heavy metals, particularly lead 
(Bradshaw 1952). The adaptations to these three types of soil probably 
involve a variety of physiological mechanisms but there are also indications 
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from several studics that phosphorus metabolism is probably involved in 
part of the adaptive mechanism to cach of these three types of soil, cal- 
careous (Olsen 1935), acidic (Wright 1943) and lead spoil (Jowett 1959). 
With this information in mind it was decided to investigate further the 
comparative aspects of the phosphate metabolism of races of A. tennis from 
these three types of soil by examining initially the response of the root 
surface phosphatases of cach race to a range of concentrations of calcium, 
aluminium and lead, the dominant ions of the calcareous, acid and lead 
spoil soils respectively. 


MATERIALS AND METHODS 


Edaphic ccotypes of A. tenuis were collected from the following sites: 


Calcareous soil race: Rock-ledge protorendzina, pH 7-5— 
Coombsdale, Derbyshire 


Lead spoil heap race: Lead spoil heaps, pH 7-2— Coombsdale, 
Derbyshire 


Acid soil race: Podsolized millstone grit soil. pH 3-8— 
Houndkirk Moor, Derbyshire 


For some of the studies plant roots were taken directly from the soil, 
I cm root tips were cut and shaken with five successive changes of distilled 
water until, even under the microscope, no adhering foreign matter could 
be detected. In further experiments tillers were taken from the plants at 
the time of field collection and grown for 6 weeks in solution culture under 
the conditions described in Woolhouse (1966). Phytate hydrolysis may be 
measured directly using intact roots but the rates are somewhat slow neces- 
sitating the use of relatively large quantities of root material; further 
difficulties arise from the fact that some of the phosphate released is then 
taken up by the roots. Fortunately the enzyme shows a high affinity for 
p-nitrophenyl phosphate, catalysing the reaction: 


p-nitrophenyl phosphate p-nitrophenol + phosphate 


Under alkaline conditions the p-nitrophenol released forms the yellow- 
coloured phenolate ion with an absorption maximum at 410 my. A 
particular advantage of this method is that the p-nitrophenol which one is 
measuring is only slowly taken up by the roots; this is readily demonstrated 
by placing root tips in a solution of p-nitrophenol for an equivalent 
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incubation time and then measuring the residual phenolate ion following 
the addition of sodium hydroxide, Fig. 1. The relative rates of hydrolysis of 
B-glycerophosphate, inositol hexaphosphate and p-nitrophenyl phosphate 
by the root surface phosphatase of A. tenuis are shown in Fig. 2. It is perhaps 
worth noting that the capacity for hydrolysis of p-nitrophenyl phosphate 
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Fic, 1. Time course of uptake of p-nitrophenol from a 3 mM solution by excised root 
tips of Agrostis tenuis under assay conditions described in text. 


may havea practical valuc for the field ecologist. Thus there are preliminary 
indications that the hydrolytic activity per unit area of root surface may 
not vary very greatly even on the older parts of a root system and so it 
may prove possible to use the procedure for obtaining rapid estimates of 
the surface area of a root system. 

Assay procedure: Two 1 cm root tips were placed in a vial containing 
to ml 1mM sodium citrate buffer pH 4'5 and os ml 3 mM p-nitrophenyl 
phosphate and incubated in a shaker both at 20° C. for 30 min. The root 
tips were then removed from the solution and the mean diameter of each 
was measured under the microscope; 45 ml ofo-1 N NaOH was thenadded 
to the incubation medium and the absorption at 410 my was measured 
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against a blank containing the same proportions of buffer, substrate and 
NaOH which had been incubated without roots present. The amount of 
substrate hydrolysed was then read off from a calibration curve prepared 
from alkaline solutions of p-nitrophenyl phosphate of known concentra- 
tions. The data are expressed as yM substrate hydrolysed per mm? of root 
surface per hour. 
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Fic, 2. Relative rates of hydrolysis of B-glycerophosphate (8-GP), inositol hexaphos- 
phate (IHP) and p-nitrophenyl phosphate (NPP) by excised root tips of Agrostis tennis 
under assay conditions described in text. Substrate concentration 10 mM for cach 
substrate, pH 4-4. 


RESULTS AND DISCUSSION 


Phosphatases of intact roots 


Figure 3 shows the amount of hydrolytic activity as a function of the pH 
of the incubation medium. At first sight this graph presents an unusual 
appearance; thus above pH 4°6 the enzyme activity is relatively low, 
between pH 3-8 and 46 there is a plateau of uniform activity whilst below 
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pH 3-8 therc is a sharp rise in the activity of the enzyme. As will be seen later 
this apparent increase in enzyme activity below pH 3-8 is an artefact result- 
ing from the breakdown of cell permeability so that the substrate gains 
access to the internal phosphatases of the root cells. 

Table 1 gives values for the phosphatase activity of roots of A. tennis 
grown in the soil and in water culture. For purposes of comparison data 
for other grasses and for beech mycorrhizas are also included. It is scen that 
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Fic. 3. Efect of pH on the rate of hydrolysis of p-nitrophenyl phosphate by excised 
root tps of Agrostis tennis. Assay conditions as described in text. 


there are no significant differences between soil and water-grown plants 
although the variability is greater in the former case, probably duc in part 
to bacterial contamination and perhaps also to a certain amount of tissue 
damage during washing. Table 1 also shows that the phosphatase activity 
varies considerably between species, the highest activity so far recorded 
being on the surfaces of beech mycorrhizas. In most of the samples of 
Agrostis collected the phosphatase activity on the roots of the calcareous 
soil and spoil-heap races tends to be approximately 20%, higher than that 
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of the acid soil race. Too much significance should not however be attached 
to such comparisons since the figures depend upon what really constitutes 
the surface in terms of which the activity is being expressed. This surface 
measurement may be subject to variations due to the presence of root hairs, 
differences in the microtopography of the root surfaces, differences in the 
extent of the intra-wall spaces to which the substrate may have ready access 
and to variations in the number and relative permeability of the root cap 
cells. 


TaBLer 


Surface phosphatase activity of 1-cm root tips of Agrostis ecotypes and other 
species. Assay conditions as described in text. pH 4-4. 


NPP hydrolysed 
Species Source »eM/mm2/hr 


Agrostis tenuis 


AR Ficld ESG 
CR Ficld Shas 
LR Field S3to 
AR Water culture 43407 
CR Water culture 5:2407 
LR Water culture S508 
Arrhenatherum elatius Water culture 6IrŁI3 
Holcus mollis Water culture 20+0'1 
Fagus sylvatica 

(mycorrhizas) Ficld 8:8+0°8 


AR—acid soil ecotype; LR—lead soil ecotype; CR—calcarcous soil ecotype. 


For the investigation of the effects of metal ions the phosphatase activity 
was measured on samples of the root tips of cach Agrostis race in the presence 
of the chlorides of calcium and aluminium or of lead nitrate in the incuba- 
tion medium at a series of concentrations in the range o~107? M. The data 
summarizing the action of each metal on cach ccotype are given in Figs. 
4, 5 and 6. Figure 4 shows the effect of Al+++ on the surface phosphatases of 
the three ccotypes; it is scen that at the lower concentrations of aluminium 
the activity of the enzyme decreases in all three races but the inhibition is 
greater at lower concentrations of aluminium in the case of the calcareous 
and lead soil races. Similarly it is scen that lead (Fig. 5) and calcium (Fig. 6), 
although somewhat inhibitory for all three races, have the greatest inhibi- 
tory effects on the enzymes of the races which normally grow on soils not 
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Fic. 4. Effect of aluminium ion concentration on the rate of hydrolysis of p-nitro- 
phenyl phosphate by root tips of edaphic ecotypes of A. tenuis. 


containing such high concentrations of these ions. Thus there appears to 
be differences between the enzymes of each race affecting their interactions 
with particular metal ions. 


THE ACID PHOSPHATASES OF PLANT ROOTS 365 


A peculiar feature of Figs. 4, 5 and 6 is that the initial decrease in enzyme 
activity with increasing metal ion concentration is followed by a secondary 
tise inactivity, after which the activity again declines at yet higher concentra- 
tions of the particular metal. This apparent stimulation of the enzyme is 
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Fic. 5. Effect of lead ion concentration on the rate of hydrolysis of p-nitrophenyl 
phosphate by root tips of edaphic ecotypes of A. tennis. 


most probably due to the fact that at the particular metal concentrations 
at which this occurs the semipermeability of the root cell membranes is 
broken with the result that substrate molecules can now penetrate freely 
into the cells and so come into contact with internal phosphatases 
associated with the mitochondria and other cell components. In support 
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Fic. 6. Effect of calcium ion concentration on the rate of hydroysis of p-nitrophenyl 
phosphate by root tips of edaphic ecotypes of A. tenuis. 


of this view one may note that there is an upward shift in the pH optimum 
of this increased phosphatase activity to a value of 5-o-5-5 which is nearer 
to that normally found for the phosphatase activity of cell-free extracts of 
the roots. Further, as seen in Fig. 7, fame photometric measurements of 
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the amounts of potassium released into the incubation medium of alumin- 
ium-treated root tips, show that the increase in enzyme activity is associated 
with a sharp increase in the amount of potassium again pointing to an 
increased ‘leakiness’ of the root cells. 
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Fic. 7. Effect of aluminium on the leakage of potassium from excised root tips of the 
calcarcous-soil ecotype of A. tennis, The data are expressed as ppm K+ in the substrate 


solution used for phosphatase assay after 30 min incubation at 20° C. 


Phosphatases of root extracts 


In an attempt to overcome some of these problems associated with the 
study of excised root tips, cell-free fractions were prepared from the roots 
ofeach of the Agrostis races grown in water culture. Some of the phosphatase 
activity of these preparations was associated with the cell wall fraction, 
whilst some remained in the soluble phase. There was a somewhat higher 
pH optimum (5-0-5:4) in these preparations than was found with the 
intact root enzyme, Fig. 8. Both the cell wall enzyme and the soluble 
component were particularly active in hydrolysing ATP, were stimulated 
by Mg++ ions and were further activated by Na+ and K+ ions, Table 2. 
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From Fig. 9 it is seen that, as in the case of the intact-root enzyme, there is 
ecotypic differentiation in the susceptibility of the ATP-ase of the cell 
wall fraction to the presence of Al*++ ions; in the case of the soluble ATP- 
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Fic. 8. Effect of pH on the rate of hydrolysis of ATP by cell walls extracted from roots 
of acid-soil ccotype of A. tenuis. 

Extraction: Known weights of roots were ground in a pestle and mortar with 2 
volumes of a solution containing 0-25 M sucrose, 3 mM EDTA, 10 mM Tris-HCl 
buffer, pH 7-4. The extract was strained through cheese cloth and then centrifuged at 
1,400 x g for 10 min. The supernatant was discarded and the cell wall pellet washed 
and recentrifuged with 2 further aliquots of extraction medium before finally suspend- 
ing in 10 mM Tris-HCl buffer, pH 7-4. 

Assay conditions: The reaction was started by adding o's ml of enzyme extract 
containing 0-2 mg protein to a solution containing 3 mM ATP, so mM citrate buffer 
of appropriate pH and 1-5 mM MgCl, ina final volume of 3-5 ml. The preparation 
was incubated for 60 min at 30° C and the reaction then stopped by addition of 2-0 ml 
of 20% trichloroacetic acid. Phosphate released was estimated by the method of Fiske 
and Subbarow (1924) and protein by the method of Lowry et al. (1951). 


ase activity on the other hand no firm conclusions can be drawn on this 
point since the response of successive preparations from the same plants 
has so far proved extremely inconsistent. Evidence of similar ATP-ase 
activity in plant cells has been obtained from cell wall preparations of roots 
of Avena seedlings (Fisher and Holmes 1966), soluble preparations from the 
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TABLE2 
The effect of Mg**, Na+ and K+ ions on the activity of the ATP-ase from 
roots of the acid soil ecotype of Agrostis tenuis. For assay conditions see legend 
to Fig. 8. Each value is the mean of three replicate assays 


Phosphate released 


. lon concentration ug/100 ug 

Cell fraction lons added in molar protein/hr 
Crude homogenate = — 207 
Soluble fraction =- — 194 
Cell walls = = 57 
Cell walls Mg** r5 144 
Cell walls Na+ 20 84 
Cell walls Kt 65 
Cell walls Met++Kr 156 
Cell walls Mgt++Na* 143 
Cell walls Mg**++Na*+K* 137 


+ Values corrected for phosphate released from endogenous organo-phosphorus 
compounds. 


roots of barley (Brown, Chattopadhyay and Patel 1967) and beans (Neu- 
mann and Gruener 1967) and in preparations from carrot, beet and Chara 
australis (Atkinson and Polya 1967); whilst McClurkin and McClurkin 
(1967) have provided cytochemical evidence for a similar enzyme in 
seedling roots of loblolly pine. 

The finding of this ATP-ase activity in plant roots raises the intriguing 
speculation that we may in fact be dealing with enzymes involved in a 
‘pump’ functioning in active cation transport in and out of the plant cells 
and probably comprising the cation ‘carriers’ inferred from the ion uptake 
studies of many workers, e.g., Epstein and Raines (196s). Although such 
carrier systems are now becoming known in some detail from studies using 
animal tissues it must be stressed that there is as yet no definitive evidence 
coupling these plant ATP-ases with ion transport, moreover they appear to 
differ, at least in certain respects, from the animal systems. Thus for example 
most of the studies to date using plant extracts show stimulation by Nat 
or K+ ions but no further stimulation in the presence of both ions as is the 
case with the animal enzymes. It would be of interest to know whether this 
difference was related to the finding that in some plant cells at least only 
the Nat ion is‘pumped’ whilst the Kt ion is moved along an electrochemical 
gradient (Dainty and McRobbie 1963). Despite these differences it would 
seem pertinent in view of the great potential importance of these ATP-ases 
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Fic. 9. Effect of aluminium concentration on the rate of hydrolysis of ATP by cell 
wall preparations from roots of edaphic ecotypes of A. tenuis. Extraction and assay 


conditions as for Fig. 8, at pH 4:8. 
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in plant nutrition studies in the future, to examine briefly the present state 
of knowledge concerning the animal enzymes and to consider their possible 
relevance for studies with plant tissues. 

These (Mg*++-Nat-K*)-activated ATP-ases have been intensively 
studied in recent years in preparations from a range of animal tissues includ- 
ing nerve cells of the crab Carcinus maenus (Skou 1957, 1960, 1961) reticu- 
locyte membranes (Post and Jolly 1957; Post and Albright 1961) and brain 
and kidney tissues (Skou 1962; Post, Sen and Rosenthal 1965). On the basis 
of tracer exchange experiments, reciprocal competitive inhibition studies 
between Nat and K* and the use of selective inhibitors such as ouabain, 
azide and strophanthidin, a number of models have been developed which 
attempt to describe the functioning of the pump enzyme system. The 
scheme outlined below which is a modification of that of Skou (1967) is 
typical of the general pattern of models which have been propounded. 


nNay + nK nKÅ + nNao 
i i 
a Enzyme ----+Mg*+-+ ATP — ---Mgt+ ~ ATP ~ Membrane Enzyme --- 
| 
E. : j 
nk + nNat nNal + nKÝ 
PARTIAL REACTION 1 


nNas 


nk 


PARTIAL REACTION 2 


The left-hand side of partial reaction 1 depicts a terminal state at which the 
pump has just completed a cycle, the membrane enzyme is now inactive 
having a sodium ion, which has just been pumped out, at the site o which 
is located on its outer surface and a potassium ion which has just been 
moved in, is on the site i which is located on the inner surface of the mem- 
brane enzyme. As the next cycle commences ATP reacts with the membrane 
enzyme causing it to increase the affinity of its external site o for Kt so 
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that the Na* ion at o exchanges witha K+ ion. At the same time the affinity 
of its internal site, i, for Nat also increases so that the K* ati exchanges with 
an Nat inside the cell (right-hand side of partial reaction 1). The presence 
of K* at o and Nat at i now activates the hydrolysis of the bound ATP 
and as this takes place the cations are transported (partial reaction 2). It is 
not known how the movement of ions takes place in this phase although 
the finding that ATP can induce allosteric changes in the configuration of 
these ATP-ases suggests that it may be brought about by a change in shape 
perhaps even involving a partial rotation of the membrane enzyme. 
Probably‘the most controversial aspect of this scheme at the present time, 
albeit one which has considerable potential interest for the future when the 
investigation of the plant enzymes achieves this level of detail, concerns the 
membrane enzyme~ ATP complex (right-hand side of partial reaction 1). 
Thus work from a number of laboratories using 3*P-ATP has led to the 
isolation of a phosphorylated intermediate in the ATP-ase reaction (Post, 
Sen and Rosenthal 1965; Bader, Post and Jean 1967), the formation of 
which is Na*-activated and the subsequent degradation K*-activated. 
Kahlenberg, Galsworthy and Hokin (1967) claim to have shown that 
N-gluramyl y phosphate is the specific residue in the membrane which 
becomes activated, Against this Schoner, von Iberg and Kramer (1967) 
have been able to fractionate the Mgtt from the K+-Na*-activated 
systems as separate fractions and have argued that a phosphorylated inter- 
mediate such as the glutamyl phosphate is not involved in the reaction 
since it is not inhibited by hydroxylamine which it is claimed would 
prevent the reaction since it would break the acyl phosphate bonds. It 
would seem possible however that the acyl phosphate residues might be 
protected from such degradation by features of the tertiary structure of 
the molecule. Clarkson (1966) supplied 32PO, to excised roots of barley 
seedlings and noted that in the presence of Al*** ions there was an accumu- 
lation of labelled ATP, in aluminium -free controls the label accumulated 
mainly in glucose-6-phosphate. The data were explained in terms of effects 
on hexokinase activity. A further possibility is that the labelled ATP was 
accumulating due to a jamming of an ATP-ase system. In the light of the 
work on animal systems it becomes of interest to explore the possibility 
that the ccotypic differentiation in cation uptake capacity (Epstein and 
Jeffries 1964) and the differential Al*+* sensitivity of the Agrostis ecotype 
ATP-ascs, might be related to the numbers of such intermediate phosphory- 
lation sites per cell and to the degree of ‘protection’ of these sites consequent 
on allosteric changes in the tertiary structure of the ATP-ase molecules. 
Before considering possible ecological implications of this work two 
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further findings concerning these enzyme systems in Agrostis appear to be 
important. Thus it is subject to at least two types of control; firstly by end- 
product inhibition from phosphate and secondly by phosphate repression 
of the biosynthesis of the enzyme. Fig. 10 shows the effect of phosphate 
concentration on the activity of an ATP-ase extract from the roots of the 
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Fic. 10. Effect of phosphate concentration in the incubation medium on the rate of 
hydrolysis of ATP by cell wall preparations from the acid soil ecotype of A. tenuis. 
Assay conditions as in Fig. 8. 


calcarcous soil ccotype of Agrostis, the cect of phosphate is seen to become 
particularly pronounced at concentrations above 5 mM. Whilst phosphate 
concentrations of this magnitude probably rarely obtain in the soil solution 
they may be quite frequent in the relevant intracellular compartments. 
Fig. 11 shows the activity of the cell wall ATP-asc in preparations from the 
roots.of the same Agrostis ccotype grown in water culture at different levels 
of phosphate; it is seen that above 10-5 M phosphate the activity of the 
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enzyme begins to decline so that in plants grown at 1073 M phosphate the 
specific activity of the phosphatase in the preparations is only 50% of that 
of plants grown at 10-® M phosphate. A number of examples of repressible 
phosphatases are known from other groups of organisms. In bacteria (E. 
coli) the formation of the alkaline phosphatases is dependent on the level 
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Fic. 11. Effect of phosphate concentration in solution culture medium in which plants 
were grown, on rate of ATP hydrolysis by cell wall preparations from the acid soil 
ecotype of A. tenuis. Assay conditions as described in Fig. 8. 


of phosphate in the medium although the acid phosphatases appear to be 
constitutive (Horiuchi, Horiuchi and Mizuno 1959; Torriani 1960; Hofsten 
1951). Suomalainen, Linko and Oura (1960) reported a six-fold increase in 
the acid phosphatase activity of yeast following transfer to a low phosphate 
medium, Subsequent work has shown that it is the external phosphatases 
associated with the ycast cell wall which arc subject to repression-depression 
control, rather than the internal enzymes (Weimberg and Orton 1963, 
1966; Heredia, Yen and Sols 1963; Gunther, Kattner and Merker 1967). 
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A phosphate-repressible acid phosphatase has also been reported from 
Neurospora crassa (Nye 1967). For higher plants the recent elegant experi- 
ments of Bianchetti and Sartirana (1967) have shown that phosphate 
probably acts at the transcriptional level in repressing phytase formation in 
germinating embryos of wheat. Higher plant species differ in the extent 
of the phosphate repression of phosphatase activity and under conditions 
of low phosphate supply the phosphatases of the shoots as well as the roots 
may be affected (Woolhouse, unpublished). 


Ecological considerations 


The conclusive demonstration of the significance of these phosphatase 
enzymes in the ccological relationships of higher plants clearly requires 
much more detailed study, several points of potential interest may however 
be made. 

It is well known that phosphate availability varies greatly from one soil 
to another and there is evidence that this may be a major influence in 
moulding the floristics of whole regions (Beadle1966) and in the determin- 
ation of plant distribution on a smaller scale (Piggot and Taylor 1963). At 
the intra-specific level also there. is evidence of variations inthe ability of 
plants to take up phosphate and in-their capacity for growth in the presence 
of different concentrations of phosphate, both in cultivated plants (Foote 
and Howell 1964) and in natural populations (Jowett 1959; Snaydon and 
Bradshaw 1962). The data presented here concerning the edaphic ecotypes 
of Agrostis tenuis suggests that differences of this kind may result from active 
evolution of the structure of the phosphatase enzymes in relation to the 
phosphate availability and the ionic composition of the soil solution. It 
would seem worthwhile to consider briefly the potential importance of 
evolutionary changes in this type of system in specific relation to the 
calcicole-calcifuge problem. It is clear that adaptation in plants for growth 
in acidic or calcareous soils is a complex process involving many different 
aspects of the metabolic and physiological responses of the plant. Thus in 
relation to plant growth on calcareous soils there is evidence that the organic 
acid metabolism of the roots in response to bicarbonate ions in the soil 
solution may be of particular importance (Brown 1961; Wallihan 1963; 
Miller 1963; Woolhouse 1966; Lee and Woolhouse 1969). It is also evident 
that the phosphorus metabolism of the plant may be important in deter- 
mining chlorosis-susceptibility on calcareous soils. Thus Olsen (1935) 
showed that increased phosphate supply could cause chlorosis on calcareous 
soils and provided histochemical evidence of iron immobilization resulting 
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from ferric phosphate precipitation around the veins in chlorosis-susceptible 
species. Certain chlorosis-susceptible mutants of maize (Bell ert al. 
1962) and of soybean (Brown, Holmes and Tiffin 1958) also develop 
chlorosis more rapidly in the presence of increased levels of phosphate 
supply. It would be of particular interest to make comparative studies of 
the control of phosphatase activity and its influence on the intra-céllular 
balance between inorganic and organic phosphate in relation to the ten- 
dency for iron immobilization in chlorosis-susceptible and resistant geno- 
types of these species. 

It has frequently been observed that the incidence of chlorosis is related 
to the oxygen tension in the soil atmosphere. Although there are some con- 
flicting reports in this matter the general consensus of opinion seems to be 
that chlorosis is most frequent in conditions of high oxygen tension and is 
not developed when there is a raised water table or otherwise reduced 
oxygen tension (Wallihan and Embleton 1960).:This situation has been 
explained in terms of oxygen tension influencing the redox state of iron 
in the soil, Fe++, which predominates at low oxygen tensions being more 
readily available to the plant than Fe+++ which is the major ionic form in a 
well-aerated soil. If, however, ATP-ases are involved in the release of 
inorganic phosphate at critical sites within the cell, then the oxygen tension 
influencing the aerobic metabolism of the roots and hence the proportions 
of organic to inorganic phosphate, may also be acting to imobilize the 
iron through these internal systems as well as by means of the redox state 
of the iron. : 

In conclusion it is of interest to consider bricfly some of the wider aspects 
of enzyme modification in relation to environmental conditions. We are 
at the present time attempting to isolate the cell wall phosphatases with a 
view to their further purification and characterization. The work of Weiss 
(1943) on soybean, Bell et al. (1962) on maize, and of the Bangor school 
with Agrostis clearly shows that aspects of the phosphate nutrition of the 
plant may be under genetic control. Moreover the demonstration by 
Schwartz (1967) of genetic control of esterase isozymes from maize en- 
courages the hope that we may be able to isolate and purify modified 
forms of the phosphatase enzymes from the roots of edaphic ecotypes. 
Should this prove successful it will become possible to define the physical 
and chemical properties of the proteins which render them functional in 
particular extremes of ionic environment. One would thus be in a position 
to define in molecular structural terms the requirements, and hence the 
genctic potential which a species must possess, in order to adapt to a particu- 
lar set of soil conditions, In the long term this could also prove of value to 
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the plant breeder, enabling him to carry out purposeful selections and 
hybridizations for particular properties of the root enzymes in relation to 
the prevailing soil conditions of a particular area. 
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